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ABSTRACT: The besic idens of modem band theory amd the Aimctiomality of state of
the art cakubtional schemes are iflustrated with the augmented spherical wave (A5W)
method. Chur darﬁ]:!ﬁ-z-n inchides ashort review of the 1.111_’-:71} 'i'nS t11=a'r} =well=ma
derivation of the mest 'im]:lm'tu'lt formulzas. We i::-.]:!h'i'n some steps toweard the
computatioral implementation and disqiss smpect of practical application. Firally, the
capabilities offered by the ASW method are demorstated by an imvestigation of the
electromic structite of FeSo, which belongs to the increasingly exciting chss of pyrite-type

trarsition metal dichalcogenides.
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Introducton

F iret-principles investigations have been estab-
lighad as an important branch of condensad
matter physice and solid state chemisty in the
past decades. In particular, the lst 10 years of the
twentieth century have seen an incrasing Jdistri-
bution of dE'I'IE:II.":"-FIJna..tBI'IEI.]-bEI.E:B.ﬂ computational
methods, which allow for a detailed understand-
ing of dectronic, magnetic, and structural properties
of conderead matter. Mowadaye these methods can
be easily appliad to rather complex systems and
thus enable the investigation of "real matenals.” Ror
this reason, band structure methade have left the
realm of only a few specialiste and have bacome
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a standard too]l of materiale science in universities,
resga ch institutes, and ind ustry. Although this suc-
cess is strongly rélated to the incredible growth of
aormputer power and the advent of efficient com-
puter architactures, eg., parallel machines, the base
wae laid many years ago by a few very important
E:II'l'l].‘]IF-..EI.[IDI‘IE: which had aglE-:-:Lt influence on salid
etate theory in general and on the progress made in
electronic structure calcubtions in particular.

Firet of all, modern solid state physice has bene-
fited much from Blodh's 1929 thearem, which grew
outofearly X-ray d iffraction studies and allowed fo-
Cuging on aemall unitcell with anly a few atome in-
stead of the full salid with an arder of 107 atoms [1]-
[n this way it was possible for the first time to cast
the pn:nblem cormectad with the macroscopic arys-
tal into a tractable form. Only two years hefare,
Born and Oppenheimer had propeesd the adiabatic
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approximation, which enables an effective decou-
Pling of the dectronic and lattice deg rees of freadom
and, hence, allows the ionic dynamice to be gnored
in many cases, where anly the electronic structure
was of interest [2). One decad elater, Slater inventad
the so-called muffin-tin approximation, which laid
ground for a very efficient determination of basis
functions for use in a variational procedure [2]. The
intreduction of density functional theory and the
local dereity approximation in the mid-sixties by
Hohenberg, Kohn, and Sham marked a milsstone
[4. 51 that has been describad in numerous text-
books (ese e.g., [6-14]) and, laying the basis for
madern materiale ecience, was honorad by award-
ing the 1993 Mobel Prize in Chemistry to Walter
Kohn. Other important stepe were the found ation of
the pesudopotential methods by Heming, Fhillips,
and others [15-17] az well as the concept of the
ec-called linear methad s intreduced by Andersen in
the middle of the seventies [18, 19, which enabled
performing first-principles calculations for unit celle
of so far inaccessible eize and, hence, furthered our
undestanding of materiale considerably. Finally,
Car and Parrinello, who intreduced first-principles
malecular dynamice, made the gimultansous ab ini-
tio investigation of electronic and onik properties
accessible [207.

Taken together, all these ideas laid the ground-
wark, for madern electronic structure calkulations,
but still gave enough freadom for the deveop-
ment of different cakulational echemes, which have
evolved in the hst years. In the present contribu-
tion, we will explain the major ingredients [which
are commen o meet schemes) of the augmentad
epherical wave [ASW) methad, which, within the
framework of density functional theory and the lo-
cal dengity appro ximation, allaws for both A COTCEp-
tually E:II'l'lJ.‘]E' and a fast calculation of the gectmomnic
properties fo solide [21-23]. The ASW method has
been applied to a large variety of materiale [zee
eg. [22, 24, 25] and references therein) and, due to
ite very emall bas e set size, is particularly useful for
large evsteme. [A full list of publicatiore and theses
rélatad to the augnented epherical wave method
can be accessad wia the Waorld Wide Web from the
home page of the author, http://www physik uni-
augsburg de/~eyert/.)

Thig article & organized as follows: After ashort
overview on Jdensity functiomal theory-based elec-
tronic etructure calculational echemes in the next
eection, we pooead with a detailed description of
the ASW methad in subsequent sections. Although
we will aleo touch on computational aspects of the

method, for more detailed information we refer the
reader to recent publicatiors of the author [24, 25,
27]. In the last part of this article, the capabilities
of the method are elucidatad via an application to
iron pyrite, which has been the subject of recent re-
newed interest. For a comprehereive overview on
uraniumternary intermetallic systems as studied by
ASW first-principles calculatiors, we refer, in addi-
tion, to the article by Matar [25] contained in this
volume.

¥ethods for Electronic
Structure Calculations

The practical virtue of density functional the-
ory stems, t© a large part, from the sscond the-
oremn of Hohenberg and Kohn, which established
a vanational principl for the total ground state
energy [14]. This suggests expareion of the single-
particle wawve function in a suitable set of basis
functions,
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and minimization of the total energy with respact to
the coefficients ¢ (k). For simplicity in writing, we
hawve includad the band index, which labels differ-
ent states at a particular k point, in the k index
Of course, the basie functiore themedves may be
parametrically dependent and, hence, offer some
freedom for variation. However, forthe present pur-
peee, we assume them to be fixad. The variation of
the total energy with respect to the coefficients is
easily written down as
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where E[p] ie the total energy provided by density
functional theory and the second term in square
brackets ensures conservation of the total elactran
number. Since all the coefficients o(k) are inde-
pendent of each other, the expression in square
bracketz in Eg. (2) must vanish for each c k). We
combine Eg. (2} with the standand expressiore for
the electron dereity, the kinetic energy, and the
exchange—correltion potential as supplied by den-
gity functional theary,
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